) and presence-absence (P-A) (J. A. Clark, Can. J. Microbiol. 14:13-18, 1968) techniques for the detection of coliform bacteria were compared in a small nonchlorinated drinking water distribution system by using total positive samples and frequency-of-occurrence analyses. No significant differences (P < 0.05) were found in detection of the presence of coliform bacteria or in changes in the frequency of occurrence with time. A reduction in P-A sample volume (to 50 ml) was not found to statistically affect the comparative results of traditional membrane filter and P-A tests.
Evaluation of microbiological drinking water quality by the detection and enumeration of coliform bacteria has existed in some form since 1912. The traditionally accepted membrane filter (MF) and multiple-fermentation tube techniques as described in Standard Methods for the Examination of Water and Wastewater (1), while of proven value, are often questioned in terms of accuracy, simplicity, and cost (3, 4, 6, 7) . The presence-absence (P-A) test was developed in an attempt to improve coliform detection (6) . The presence-absence (P-A) test of Clark (2) has been in use in Ontario for some 15 to 20 years; however, only limited comparisons with the more traditional techniques have been performed (2, 3, 5, 8) . Whereas Clark (2) and Pipes et al. (8) found no statistically significant difference between the P-A test and other methods, Jacobs et al. (5) found the P-A test to be more sensitive.
The P-A technique detects only the presence, not the density, of coliform bacteria. However, if sufficient samples are examined, the fraction of samples positive for coliform bacteria can be used to estimate the frequency of occurrence of coliform bacteria in the water distribution system (8) . Statistical evaluations of the frequency of occurrence then may be used to monitor changes in water quality with time. Although Pipes et al. (8) found no difference in the fraction of positive samples detected with either the P-A or MF technique, or in the frequency-of-occurrence parameter for either technique, the frequency-of-occurrence analysis (by either P-A or MF) more readily detected changes in the microbiological quality of water than did the more traditional MF coliform count.
This investigation was performed to test and compare the fraction of positive samples and frequency-of-occurrence results obtained with the P-A and MF procedures as used by Pipes et al. (8) but in nonchlorinated small water distribution systems that have not previously been tested by the P-A technique using frequency-of-occurrence analyses. Additionally, smaller P-A samples (i.e., 50 ml) than have previously been used were statistically compared with the traditional samples (100 ml) for differences in the fractions positive and frequency-of-occurrence analyses.
* Corresponding author.
Water samples were collected, at monthly intervals, from 40 locations in a nonchlorinated water distribution system serving a small (population, <4,000) area of southeastern Louisiana. Samples were aseptically collected from outside spigots into sterile bottles.
The P-A test of Clark was performed by the addition of 100 and 50 ml of the sample to 50 and 25 ml, respectively, of triple-strength lactose lauryl tryptose broth (pH 6.8) containing bromocresol purple as a pH indicator (1). The bottles were incubated for 24 and 48 h at 35°C before examination for acid or acid and gas production. All bottles showing acid and gas or solely acid production were subjected to verification by transfer of an inoculum to brilliant green bile broth. Only verified results (gas production in brilliant green bile broth) were considered positive and used in the statistical analyses.
The MF test was conducted according to Standard Methods (1) . The filters were incubated on Bacto m-Endo LES agar (Difco Laboratories, Detroit, Mich.) for 24 h. Typical presumptive coliform colonies were transferred to brilliant green and lauryl tryptose broth (Difco) for confirmation. Confirmation was defined as growth and gas production in both media.
Statistical analyses of results were performed as outlined by Zar (9) and Pipes et al. (8) . Chi-squared tests were used for comparison of the numbers of samples positive by the techniques used, and the Z statistic was used for comparisons of the fractions of positive samples. Statistical comparisons were performed by these analyses for 100-ml P-A versus MF, 50-ml P-A versus MF, and 100-ml P-A versus 50-ml P-A. In addition, changes in the frequency of occur- tected by the 50-ml P-A and MF tests, no statistically n(in + p)(2n -m -p)significant disagreement (0.05 < P < 0.10) was found (Table  and the where subscripts denote the different time periods.
However, without the continuity correction, our data agree Surprisingly, the total number of positive samples found with those of Jacobs et al., who found that the 100-ml P-A was relatively small considering that the water was nonchlotest was superior in detecting positive samples. With paired analyses such as those used in this study, it is more appropriate to use the continuity correction (9) . When all positive 100-ml P-A test results were compared with the positive MF results by chi-square analysis (Table 2) , on one occasion a significantly (0.025 < P < 0.05) greater number of positive samples was found with the P-A test. Overall, the P-A test identified more positive samples on six of the eight sampling occasions, and the MF test did so on two of the eight occasions. Of 41 samples positive for coliform bacteria by either technique, similar positive results were obtained in only 4 (approximately 10%). When the same statistical analysis was performed on the cumulative data, a significantly (0.025 < P < 0.05) greater number of positive samples was detected by the P-A analysis than by the MF analysis. This cumulative difference, however, was the result of an extreme differential in results obtained at one sampling period. This inconsistency would not appear to present a problem for use of the P-A test in small water distribution systems.
When similar comparisons were made between the 50-ml P-A and MF techniques (Table 3) , on two occasions a statistically significant (0.025 < P < 0.05) difference in the number of positive samples was found, but there was no difference in the cumulative number of positive samples between the techniques. On four occasions, the P-A identified more positive samples than did the MF test; on one occasion, the MF identified more than did the P-A. No statistical difference was found in the fraction of positive samples (using the Z statistic) for either the 100-ml P-A (Table 2) or the 50-ml P-A (Table 3) test when compared with the MF test for individual sampling times or for cumulative data.
In addition to a statistical comparison of the P-A and MF tests, a comparison of the number of positive samples, the fraction of positive samples, and changes in the frequency of occurrence of coliforms was performed by using data from the 100-ml and 50-ml P-A samples (Table 4) . With one exception, the 100-ml P-A test identified at least as many positive samples as did the 50-ml P-A test, although this result could not be shown statistically at the 95% confidence level because of the low number of total positive samples. Additionally, no statistical difference was found in the fraction of positive samples detected at either volume.
When the change in frequency of occurrence between sampling dates was compared (Tables 2 through 4) for all coliform detection tests, no significant differences were found. These results indicated equal abilities of the techniques to detect change and were identical to those of Pipes et al. (8) .
Statistically, the techniques tested proved to be equally effective in detecting coliform bacteria in water, as determined by the fraction of samples positive, and in detecting potential changes in frequency of occurrence of coliforms in the system. The increased absolute number of positive coliforms detected by the 100-ml P-A test in comparison with the MF test in these nonchlorinated waters needs to be addressed, since this result was not always obtained in chlorinated water studies (8) . Hypothetically, these differences may be potentially attributable to filtration stress, variations in survival or recovery in the P-A and MF media, and residual chlorine sensitivity of coliform populations in chlorinated systems before sampling. On filtration of water for MF procedures, stress may be applied to coliform bacteria that could reduce the number of viable cells. Also, reductions in coliform densities could occur because of the selective nature of the plating media in the MF test. These phenomena would not be associated with the P-A test. By reducing the volume of water in the P-A test to 50 ml, some of the differences in effects of survival between the MF and P-A tests may be alleviated by a reduction in the relative number of organisms in the P-A sample versus the MF sample. If this is the case, the 50-ml P-A sample results should lie at some intermediate point between the MF and 100-ml P-A results, as was seen in this study.
These phenomena warrant further investigation with respect to validity and reliability when frequency-of-occurrence analyses are used with the MF and P- 
